Angle-resolved valence-band x-ray photoemission spectra were taken along the [lllJ and [lOOJ directions of gold single crystals and along the [lOOJ direction of a platinum single crystal at room temperature (293K) and on a probe cooled nearly to liquid nitrogen temperature (77K). No change was detected on cooling the samples, in contrast to expectations based on a simple direct-transition model. A simple "matrixelement" model appears to predict spectra well even at low temperatures, perhaps because the complexity of the high-energy final-state bands permits sampling effectively throughout the zone. 0 (J J ,,: J i1 , ; ,:~ ') ~~ 1,,;
the direct-transition processes should be substantially restored by cooling the sample to liquid nitrogen temperatures. In this Communication we report low-temperature ARXPS studies on gold and platinum that were designed to test this question.
With thermal diffuse scattering taken into account, the angleresolved photoemission cross~section is given as the sum of two terms: a k-conserving direct transition term and an atomic term. 6 ,7 The relative contributions of these two terms are related to the Debye-Waller factor, which can be expressed as
where ~rT is the instantaneous thermal displacement of an atom in the lattice, and q = k f -k i -k hV ' where k f and k i are the final and initial electron wavevectors, respectively and k hv is the photon wavevector. The energy distribution curve (EDC) for photoelectrons inside the crystal is given by7
The sum integral are taken over all the occupied bands in the first relies on the assumption that ARXPS samples the zone thoroughly enough that the spectra are predicted by integrating over the zone, appears to predict the low-temperature spectra as well. This integration implies that the [100] and [111] spectra are very nearly given by the e g and t 2g projections, respectively,15 as has been found for copper and gold. 5 This may well also be true for platinum, although our data do not provide a critical test of this point.
We suggest that the complexity of the final states ~ i.e., band mixing combined with the very high density of final states -is responsible ~r the failure of the direct-transition model to be restored in ARXPS at low temperatures. As a reminder. of how complex the finalstate spectrum is at XPS energies, we have plotted in Fig. 4 the emptyband states for energies between 1420 eV and 1520 eVe We note that this plot is unrealistically favorable to the direct-transition model.
Band mixing would remove any degeneracies (producing more bands) and
would make many of the bands shown much flatter.
More sensitive experiments are needed to test this proposal. In 
